First Principle Studies on Inorganic Semiconductor Nanotubes and the Support of Gold Clusters by 王玮
学校编码：10384 分类号 密级
学号：20520131151639 UDC
硕 士 学 位 论 文
无机纳米管与金属负载的理论研究
First Principle Studies on Inorganic Semiconductor
Nanotubes and the Support of Gold Clusters
王 玮
指导教师姓名：谭 凯 副教授
吕 鑫 教 授
专 业 名 称：物 理 化 学
论文提交日期：2016 年 5 月



























































































































4.3.3.1 Au 原子在(0,8)裸管表面吸附............................................................ 57
















Abstract in Chinese................................................................................................................ I
Abstract in English...............................................................................................................III
Chapter 1 Introduction........................................................................................................5
1.1 Properties of One Dimensional Materials..............................................................5
1.1.1 Quantum Confinement........................................................................................ 5
1.1.2 Phonon Transport..................................................................................................5
1.1.3 Photoelectric Conductivity and Chemical Sensor.........................................6
1.1.4 Magnetic Effect.....................................................................................................6
1.1.5 Electric Conductivity...........................................................................................6
1.2 Background of Nanotubes...........................................................................................7
1.2.1 Application of Nanotubes................................................................................... 8
1.2.2 Modificationof Nanotubes..................................................................................9
1.2.3 Theoretical Investigation on Nanotubes........................................................12
1.2.3.1 Model of Nanotubes............................................................................... 13
1.2.3.2 The Brief of Theoretical Investigation on Nanotubes.................... 15
1.3 Purpose of This Paper................................................................................................ 17
Reference............................................................................................................................... 18
Chapter 2 Aux(x=1-4) Absorbed on Anatase (101) Nanotube...................25
2.1 Introduction...................................................................................................................25
2.2 Models and Methods of Calculation......................................................................26
2.3 Results and Discussion............................................................................................... 27
2.3.1 Geometry Structures of TiO2 Nanotubes and Aux(x=2-4)Clusters......... 27
2.3.2 Interaction between Aux(x=1-4) Clusters and TiO2 Nanotube.................29
2.3.3 Electronic Characteristics of Aux/TiO2NT (x=1-4).....................................32
2.4 Summary.........................................................................................................................34
Reference............................................................................................................................... 36
Chapter 3 Theoretical Investigation on AlAs Nanotubes............................38
3.1 Introduction...................................................................................................................38
3.2 Models and Methods of Calculation......................................................................39
3.3 Results and Discussion............................................................................................... 41
3.3.1 Geometry Structures of AlAs Nanotubes......................................................41
3.3.2 Electronic Characteristics of AlAs Nanotubes.............................................45
3.4 Summary.........................................................................................................................48
Reference............................................................................................................................... 49














4.2 Models and Methods of Calculation......................................................................53
4.3 Results and Discussion............................................................................................... 54
4.3.1 Geometry Structures ofCeO2 (111) Nanotubes............................................54
4.3.2 Electronic Characteristics of CeO2 Nanotubes............................................56
4.3.3 Au Atom Absorbed on (0,8) tube with and without O Vacancy.............. 57
4.3.3.1 Au Atom Absorbed on (0,8) tube without O Vacancy....................57
























































面吸附。我们也研究了 Au 原子在管壁 Oin缺陷位的吸附情况。Au 原子在管壁
Oin缺陷位的吸附表现出良好的吸附性能，稳定 Au 原子在管表面的吸附。并且
Ce3+容易将电子转移到 Au 原子上，使 Au 原子带有明显的负电荷。带负电荷的
















One-dimension nanotubes own a series of distinctive physical and chemical
properties, which are different from their bulk. Therefore, there is broad application as
electronic devices, gas sensors , photovoltaic materials and so on. Now the
preparation of nanotubes can be achieved through different methods, however, we
know little about the geometry structures and chemical reactions on the nanotube
surfaces. Theoretical methods is very helpful for us to make further studies on the
nanotubes. In this article, based on first principle calculation we have reported the
adsorption mechanism of small gold clusters on the anatase nanotube surface; the
geometry structures and electronic properties of AlAs nanotubes; the characteristics of
CeO2 nanotubes and the Au atom adsorption on the surface. The main results are as
follows:
(1) We have discussed the geometric structures, interaction mechanism and
electronic properties when small gold clusters Aux (x=1-4) absorbed onto the
nanotube surface. The gold clusters prefer to stand on the nanotube surface because
the reactive orbitals are in the periphery of the clusters.The average adsorption energy,
the Au-O2c bond length and the Au-Ti5c bond length perform odd-even oscillations
with the size of Aux clusters increasing. Not only gold clusters interact with O anions,
the Ti5c cations also play an important role in the bonding between gold clusters and
surface.It also has been found that impurity states are introduced into the band gap of
TiO2NT, which makes the visible light absorption efficiency improved. Moreover, the
Fermi levels of Aux/TiO2NT have shifted toward the bottom of conduction band and
Schottky barriers exist which benefits the electron-hole pairs separation.
(2) The electronic structures of cubic aluminum arsenide (111) nanotubes
associate closely with the chirality. The strain energies of the zigzag and armchair
nanotubes are negative, which mean the AlAs nanotubes can be synthesized under
certain conditions. Due to the different chiralities, the distribution patterns of Al-As














nanotubes in the same circumference are small enough leading to strong interaction
between the unoccupied 3p orbitals of Al atoms. Then the circular π -orbitals have
formed which makes the band gaps of zigzag nanotubes increase at first and then
decrease, while the behavior is not exist for armchair nanotubes.
(3) The strain energies are negative when the diameters of CeO2 (111) nanotubes
increase up to about 12 Å, which means that the CeO2 (111) nanotubes can exist. The
Ce-O bonds perpendicular to the tube axis play an important role in the stabilization.
When single Au atom is absorbed onto the outer surface we have found that the
absorption energies were not big. The most stable position is not at the O top site due
the curvature. We also have discussed the Au atom adsorption on the Oin vacancy. The
absorption energy is as big as 2.90 eV when the Au atom is on the top site of O
vacancy. Moreover, some negative charge has been partly transferred to the Au atom
from the Ce3+ beside the vacancy. The Au atom bonding to the vacancy is mainly
ascribed to the electrostatic interaction between Au anion and the Ce cations.































































































图 1.2 (a) 单壁碳纳米管束 HREM图；(b)活性炭表面呈放射状的碳纳米管束 19
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